[Clinical pharmacology of anticancer agents (Part 4). Antimetabolites (1)].
1. Pharmacodynamics and pharmacokinetics of antimetabolites. Antimetabolites are administered in the form of a base or its riboside, which is incorporated into the cell and converted to an active or inactive metabolite. The active metabolite remain in the cell inhibiting the enzymes to catalyze nucleotide synthesis for nucleotide triphosphate formation, but the inactive metabolites are rapidly excreted out of the cell. The inhibitory effect of antimetabolites on nucleotide formation is correlated with factors, such as maintenance of drug blood level, incorporation of the drug into the cell, activation and inactivation of the drug, affinity of the active form to the corresponding enzyme, and change in pool size of the intermediate metabolites in nucleotide synthesis. The salvage synthesis occurring at the higher level of the enzymes catalyzing nucleotide synthesis to counteract the inhibition by the drug is also correlated with the nucleotide formation. II. Pyrimidine antagonists 1. Cytosine arabinoside (ara-C) and its derivatives Ara-C is rapidly converted to ara-CTP and ara-U. The former remains in the cell and inhibits DNA polymerase, but the latter is excreted rapidly out of the cell. A small portion of ara-C is incorporated into DNA, which results in the degradation of DNA as demonstrated by reduced sedimentation of bulk DNA in alkaline sucrose gradient centrifugation and the ladder DNA fragmentation with a minimum fragment of approximately 180 base pairs and its conjugates in agarose gel electrophoresis. Behenoyl ara-C (BHAC) is highly lipophilic and highly distributed in the erythrocyte stroma and membrane fraction of leukocytes after iv infusion. The incorporated BHAC is released after the plasma BHAC level decreases, which suggests that erythrocytes can be a drug reservoir after iv infusion. Therefore, severe anemia should be treated before BHAC chemotherapy for longer maintenance of the plasma BHAC level. 2. 5-Fluorouracil (5-FU) and its derivatives Activation of 5-FU in the cells is metabolized by uracil metabolizing enzymes to FUMP and FdUMP. FUMP is further metabolized to FdUMP and is also incorporated to RNA. FdUMP produces a ternary complex with thymidylate synthetase and leucovorin; subsequently, conversion of dUMP to dTMP is strongly inhibited. Thus, FUMP and FdUMP inhibit RNA and DNA metabolism, respectively. Enzyme activity during 5-FU metabolism and consequently the degree of inhibition of DNA and RNA syntheses markedly differ with the tumor cell species. This should be taken into consideration when performing chemotherapy of malignancies.